Both glucose and acetylglucosamine were released from H. capsulatum cell walls, regardless of chemotype, during enzymatic hydrolysis, whereas only acetylglucosamine was released from B. dermatitidis yeast-phase cell walls. Mycelial-phase cell walls of H. capsulatum and B. dermatitidis were characterized by lower content of material soluble in ethylenediamine, higher proportions of mannose, and lower chitin content than their respective yeast phases. Glucose and acetylglucosamine were both released from all mycelial-phase cell walls, whether H. capsulatum or B. dermatitidis, by the crude enzyme system.
In contrast to bacterial cell walls, data on the architecture, chemical composition, and synthesis of fungal cell walls has been somewhat meager. Histoplasma capsulatum and Blastomyces dermatitidis are two fungal species which exhibit thermal dimorphism. They grow as round, budding yeast forms at 37 C but will convert to mycelial (filamentous) forms at 26 C, and vice versa; the physiological process by which the conversion takes place has not been determined. In addition to their dimorphic character, H. capsulatum and B. dermatitidis are also pathogenic for man, causing host responses that are similar and frequently difficult to differentiate if the etiologic agent cannot be isolated. In attempting to understand dimorphism and pathogenesis better, we previously examined the composition of the cell walls of both the yeast and mycelial phases of a single strain of H. capsulatum (3) . However, Pine and Boone (14) dermatitidis strains used for cell wall isolation are presented in Table 1 . Stock cultures of all strains were maintained in the yeast phase by weekly transfer on Brain Heart Infusion agar at 37 C. Three of the H. capsulatum strains, Bon, SwA, and SwB, were chosen because, at the time of isolation, they all had a "B" type of mycelial colony as described by Berliner (2), i.e., primarily a brown colony with few aerial hyphae and masses of tuberculate chlamydospores. However, SwA and SwB have converted over the years to a predominantly "A" type of mycelial growth with a profuse white aerial mycelium and smooth, instead of rough, macroconidia. The G184A and G184B cultures were used because they were representatives of pure "A" and "B" colonial types. None of the H. capsulatum strains was identified as to serotype. The only criterion used in the selection of the B. dermatitidis strains was that of recent isolation from a human source.
The methods employed in obtaining cell walls were previously described in detail for strain SwB (3 sion had occurred, the mycelia were transferred to fresh medium and incubated, as above, for 6 days. The longer incubation period was necessary to allow for the accumulation of enough mycelia for cell wall preparations. To rule out the possiblity that differences between corresponding yeast and mycelial phases were the result of differences in incubation time, one strain each of the yeast phase of H. capsulatum and B. dermatitidis, SwA and Found, respectively, was incubated for 6 days in GYE and Soy, respectively, and cell wall preparations were made from samples taken at 2-, 4-, and 6-day intervals. Cell walls were prepared in most instances from at least two separately grown batches of culture and carried through all the procedures to ascertain the reproducibility of results. The quantity of cell walls obtained from the mycelia of B. dermatitidis Found and McCarty was very low, and two cell wall preparations of each had to be combined for the extraction procedures described below.
Extraction and fractionation of cell walls. Whole unextracted cell walls were treated with neutral and acidified lipid solvents (12) . Three fractions were then obtained from lipid-extracted cell walls by fractionation with ethylenediamine (13); fraction C was resistant to ethylenediamine; fractions A and B were both soluble in ethylenediamine and insoluble in methanol, but were separated by the fact that A was soluble Monosaccharide deteriinations. Samples (5 mg) of cell walls and fractions thereof were subjected to mild hydrolysis with 2 ml of I N HCI in methanol for 40 hr at 80 C. The hydrolysate was separated from the residue, and the hydrolytic products were determined qualitatively and quantitatively by gas-liquid chromatography (GLC) of the trimethylsilyl ether derivatives (6, 19) with dulcitol as an internal standard. A BarberColman gas chromatograph equipped with a flame ionization detector was employed with the following conditions: packing, 3% OV-1 on 80/100 Chromosorb W HP (Supelco, Inc., Bellefonte, Pa.); column temperature, 175 C; injector temperature, 255 C; detector tem. perature, 235 C.
The unhydrolyzed residue was then treated with 2 N aqueous HCI at 100 C for 4 hr, and the released hexose was determined by anthrone reaction (17) . Simultaneously, we also performed anthrone analyses on 2 N aqueous HCI hydrolysates of duplicate samples which had not been subjected to the prior mild acid treatment. Additional samples were treated with 2 N H2SO4, neutralized with Ba(OH)2, and passed through an ion-exchange resin, and, along with portions of some of the 2 N aqueous HCI hydrolysates which had been evaporated in vacuo over NaOH, were subjected to the phenol-sulfuric acid test (4) . The values acquired in this manner were all somewhat higher than those acquired by the anthrone method. However, we found the results obtained by the anthrone method to be more reproducible when processing large numbers of samples, probably due to fewer sample manipulations in this procedure.
Chitin determinations. Samples (5 mg) were treated with a crude enzyme system obtained by the method of Reynolds (16) from the culture filtrates of Streptomyces sp. ATCC 11238 which had been cultured in a basal salts medium (16) containing colloidal crustacean chitin (I ) as the carbon source. The crude enzyme system thus derived contained two known enzymes, chitinase and d-1,3 glucanase, as ascertained by its action on the substrates of colloidal chitin and "insoluble" laminarin (IL23), a ,B-1,3 glucan obtained from the Institute of Seaweed Research, Midlothian, Scotland. Enzyme assays were performed according to the method of Skujins et al. (18) except that the assay mixture was not passed through an ion-exchange resin after incubation. It was centrifuged to remove unhydrolyzed material and lyophilized directly. Preliminary experiments, with pure acetylglucosamine as well as representative hydrolysates of cell wall samples, showed that the ion-exchange procedure resulted in a loss of acetylglucosamine and that it was not a necessity prior to derivative formation. The acetylglucosamine released by the enzymatic hydrolysis was determined by GLC of the trimethylsilyl ethers as described above for monosaccharides, but with one variation. The detector response to acetylglucosamine was less than its response to an equivalent quantity of the internal standard (dulcitol) and a multiplication factor of 1.6 was decided upon by experimentation with known quantities of the two compounds. In selected instances, the acetylglucosamine in a given enzyme hydrolysate was determined by processing equal portions of each sample through the GLC procedure and also through boric acid modification of the Morgan-J. BACTERIOL.
Elson reaction (8).
The results were comparable, but GLC quantitation was the method of choice because glucose data could simultaneously be obtained. The residue remaining after the above enzymatic treatment was then hydrolyzed with 6 N aqueous HCI at 100 C for 6 hr in sealed tubes and the glucosamine hydrochloride thus obtained was determined by a modified Elson-Morgan procedure (5) . Since the molecular weight of glucosamine-HCI is not significantly different from that of acetylglucosamine, the results obtained from the classical chemical determination were simply added to those obtained by enzymatic hydrolysis to determine the total quantity of chitin. To ascertain that virtually all of the glucosamine in the wall was acetylated and in the form of chitin, selected samples were treated twice with the enzyme system, and then the residual glucosamine was determined as above. Insignificant amounts of glucosamine remained in the residue after the consecutive enzymatic hydrolyses. Additionally, samples not previously subjected to enzyme treatment were hydrolyzed with 6 N HCI at 100 C for 6 hr, and the glucosamine in the hydrolysates was determined by the classical Elson-Morgan reaction, as well as by a modification of that procedure with borate buffer (8 d WCW, whole, unextracted cell walls; L-E, lipid-extracted cell walls; C, cell wall fraction insoluble in ethylenediamine.
e At least two determinations were made on each preparation derived from each strain, and each value in the table represents an average of all determinations for all strains included in that category. In instances where two media were employed for incubation, the results from both cell wall preparations were included. J. BACTERIOL.
vealed that there was no change in those two constituents of the cell wall with age. The cell wall reactivity to mild and more concentrated acid was essentially the same as that seen in the respective 3-day-old cultures, and there was no release of glucose from the B. dermatitidis yeastphase cell walls with the enzymatic hydrolysis.
DISCUSSION
The evidence presented in this paper supports the contention that there are chemically distinct cell wall types of the yeast phase of H. capsulatum, as suggested by Pine and Boone (14) on the basis of combined serological and chemical data. Earlier, Kaufman and Blumer (11) had reported finding several serotypes of H. capsulatum which would suggest differences in chemical composition between strains also, but the cellular source of the serotyping antigens was not established so they may, or may not, have been detecting differences in cell wall composition. Our two chemotypes are similar to those described by Pine and Boone in that one has more chitin and less glucose in its cell walls than the other. Additionally, our data suggest a possible chemical basis for the high degree of serological cross-reactivity between certain strains of H. capsulatum and B. dermatitidis and the low cross-reactivity exhibited by others (11); i.e., H. capsulatum yeastphase cell walls of chemotype II and B. dermatitidis yeast-phase cell walls had similar solubility characteristics in ethylenediamine and each also contained large quantities of glucose in a form resistant to mild acid hydrolysis. However, much additional work, including serological studies and studies of the proteinaceous cell wall components, must be done before firm conclusions can be drawn. We have not found evidence for chemotypes of B. dermatitidis yeast-phase cell walls, but this may simply be due to the fact that we have not as yet examined enough strains. It should be noted, also, that we have not found any chemical differences between the yeast phases representing the "AA" and "B" colonial types of a single strain of H. capsulatum.
The differences in reactivity of the various cell wall preparations to mild and stronger acid hydrolysis, in combination with the results obtained by enzymatic hydrolysis, are suggestive evidence that different glycosidic linkages exist in the various cell wall preparations. The results obtained with the crude Streptomyces enzyme strongly suggest the absence of f,1-3 glycosidic linkages in the cell wall of the yeast phase of B. dermatitidis since both chitinase and #, [1] [2] [3] gluconase are present in our preparation. Presence of #,1-6 gluconase activity would appear to be limited (18) . The differences in reactivity could, of course, be due to a masking effect whereby certain linkages would not be exposed and, therefore, resistant to attack. Nevertheless, these results would indicate differences in arrangement of cell wall components, if, in fact, no differences in linkage types can eventually be demonstrated. Other workers (9) , working with another dimorphic fungus, Paracoccidioides brasiliensis, did indeed find differences in the glycosidic linkages present in the corresponding yeast and mycelial forms. Obviously, more specific analytical procedures are necessary to resolve this question in the case of H. capsulatum and B. dermatitidis.
The data presented here on the quantities of glucose and chitin in B. dermatitidis cell walls are basically in agreement with those in the literature (10) . There are some differences between these data and those published previously for one strain of H. capsulatum (3), particularly with respect to the chitin content and extractability of the walls with ethylenediamine, which are partly due to improved methodology but may also be partly due to a change in cell wall composition over the years, especially with the mycelial phase. Although the actual values reported in the earlier work were somewhat different than those reported here, the same basic conclusions concerning the yeast and mycelial phases are still valid. Additionally, the data derived from the 2-, 4-, and 6-day-old yeast-phase cultures of H. capsulatum SwA and B. dermatitidis Found confirmed the hypothesis that observed differences between corresponding yeast-and mycelial-phase walls were not a function of the time of incubation.
